: We investigated the effect of rewarming injury on the graft liver in
Introduction
Since the cuff technique was established, the rat model of orthotopic liver transplantation (OLT) has been used to investigate ischemic, preservative, and immunologic aspects of liver transplantation' ' 2,4) . In the rat model, injuries caused by ischemia, preservative temperature, and the method of harvest affect graft survival5). Moreover, we and others have recently reported that the rewarmed graft liver is injured and that rewarming injury affects rat survival in OLT6, 7) In this study, we investigated rewarming injury, a type of warm ischemic injury, and investigated the effect of rewarming injury on the graft liver.
Materials and Methods
We used male Wistar rats weighing about 250 g as both donors and recipients. The graft livers were preserved in lactated Ringers solution at 4 C for about 1 hour before OLT. In rat liver transplantation, the anhepatic phase (AH) is usually 20 minutes and rewarming In group A, RT was the usual 15 minutes and in group B, RT was extended to 35 minutes. time (RT) is 15 minutes, since the recipients liver is first removed for 5 minutes, after which, the graft liver is transplanted and the suprahepatic inferior vena cava and portal vein are reconstructed for 15 minutes (Fig. 1) . In this study, we prolonged AH to 40 minutes and fixed the RT at the usual 15 minutes (group A, n = 7) or 3 5 minutes (group B, n=6) to evaluate the effect of rewarming injury (Fig. 2) .
To measure graft temperatures, we used a wire probe thermometer (Model TM-54H, Inter Nova Corp., Tokyo). The probe was inserted into the center of the right lobe of the graft liver to a depth of 5 mm.
One milliliter of blood was collected 1 day after OLT, and serum levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), and hyaluronic acid (HA) were analyzed. Implanted livers were removed 1 day after OLT for histologic examination with hematoxylin-eosin stain. The serum levels of AST, ALT, ALP and HA are presented as means ± SE and differences between groups were analyzed with the Mann-Whitney U test. Statistical analysis ofdifferences in graft temperature at 15 and 35 minutes, and survival between groups A and B were performed with the paired t-test and 
Survival
In group A, all rats survived more than 60 days after OLT, but in group B, all rats died within 2 days. Survival in groups A and B differed significantly (Fishers test). 3 . Serum levels of AST, ALT, ALP, and HA Serum levels of AST and ALT were significantly higher in group B than in group A (Table 1) . However, serum levels of ALP and HA did not differ significantly between the two groups.
Histologic findings
No marked changes in hepatocytes and sinusoids were found in group A (Fig. 4a) severe degenerative changes,such as ballooning and necrosis of hepatocytes and dilatation of sinusoids, were observed in group B (Fig. 4b) .
Discussion
Although OLT is the definitive treatment for hepatic diseases when medical or surgical treatment has not been effective8), technical difficulties9 , rejection10) , and ischemic reperfusion injuries may prevent its use11). Therefore, to investigate ischemic, preservative, and immunologic aspects of OLT, rat models of OLT have been established' 1-4) Recently, some types of injury to the graft liver have been studied using rat models12). We have also reported that rewarming injury, a type of ischemic injury, effects survival in rat liver transplantation7). Clavien et al. first reported rewarming injury6), but mechanisms of rewarming injury are still unknown. In this study, we studied the effects of temperature and rewarming condition on graft liver injury.
We speculate two mechanisms of injury from rewarming times : one is a rapid increase in temperature and another is limits of temperature.
In this study, group A (RT=15 minutes) was not severely injured regardless whether the graft temperature was suddenly increased from 1 minute to 15 minutes. These results suggest the existence of graft temperature limits.
The graft temperature gradually incresed from 4ßC to about 23ßC at 15 minutes after transplantation, and all recipients in which RT was 15 minutes survived more than 60 days.
In contrast, the graft temperature was about 28ßC at 35 minutes after transplantation and all rats in which RT was 35 minutes died within 2 days after OLT. Moreover, when RT was 15 minutes (group A), the serum levels of AST and ALT were higher than those in group B (RT, 35 minutes). As a result, when the graft temperature was 23ßC, graft viability was maintained, suggesting that the graft liver should be cooled to less than 23 ßC to maintain graft viability.
Injury to hepatocytes and sinusoids was slight when RT was 15 minutes, but was severe when RT was 35 minutes. However, serum levels of HA, a marker of sinusoidal viability, did not differ significantly between group A (RT =15 minutes) and group B (RT = 35 minutes). This result suggests that rewarming injury effects both hepatocytes and sinusoids, although ischemic injury mainly affects sinusoids12). 
